Introduction
The dimethyl sulfide (CH 3 SCH 3 ), which often comes from the marine environment, is likely to be transformed into its final oxidation products sulfuric acid and methanesulfonic acid after a series of reactions. [1] [2] [3] Researchers have made efforts to study the atmospheric oxidation mechanism of CH 3 SCH 3 . 4 The significant reaction of initial oxidation of CH 3 SCH 3 is that it reacts with OH radicals.
CH 3 SCH 3 + OH → CH 3 SCH 2 + H 2 O
Almost at the same time, the radical CH 3 SCH 2 , one of the products, combines rapidly with O 2 to form CH 3 SCH 2 OO (methyl-thiol-methyl peroxy radical). 5 In the general atmosphere environment, CH 3 SCH 2 OO will react with NO, HO 2 , and RO 2 radicals. [6] [7] [8] [9] [10] [11] [12] When the concentrations of NO, HO 2 and RO 2 are extremely low, thus it creates the possibility to promote the intramolecular hydrogen shift in CH 3 SCH 2 OO radical. The shift will cause other reactions. The reaction process is roughly that, CH 3 SCH 2 OO → CH 2 SCH 2 OOH → products. Jin et al. 13 have done much theoretical study about these reactions. He found that CH 3 
where ( ) Q β is the partition function of the system, 
here, k and T are Boltzmann's constant and the temperature in the canonical case, respectively. Moreover, noting that the used model is a local mode anharmonic model and not a normal mode anharmonic model. It is different from the assumption of the RRKM theory which indicates that the energy levels are highly mixed and quantum numbers cannot be assigned to the levels. 22 In the calculations for each vibrational mode, we choose the harmonic frequencies and i x as effective dissociation energy parameters for the Morse potential. 
Result and Discussion
Then, the rate constants of the four reactions (R1 to R4) have been calculated in both canonical and microcanonical cases. The results in microcanonical case are listed in Table 2 to 5, and those results in canonical case are listed in Table 6 ).
That means the junction arises when T is between 700 K and 800 K. In the microcanonical case, when T=800 and 1000 K, the energies are lower than the calculated activation energy, i.e. 21.10 kcal/mol. Hence, Table 2 lists the calculated rate constants at those energies which are higher than D r a f t 21 .10 kcal/mol. Figure 3 shows that the property of the anharmonic effect is similar to that in canonical case. Figures 2 and 3 In short, for reaction R3, the anharmonic effect is more significant when the total energy is relative low in microcanonical case.
As the reaction which follows R1, in terms of anharmonic effect, R4
shows an analogous characteristic with R1. However, the different result is that the anharmonic values are lower than the corresponding harmonic values in the range of the whole temperature (400-2200 K). It is same within the whole total energy range in the microcanonical case. By calculating the data of rate constants, the anharmonic effect is less obvious than that for reaction R1.
The rate constants of subsequent reactions
In the subsequent reactions R5 to R8, the initial reactants are both CH 2 S and HO 2 . After our ab initio calculation, their relative energies of all the transition states and products are shown in Figure 10 According to Tables 10 and 11 , at 2000 K, the harmonic rate constant is much larger than the corresponding anharmonic value. That means the anharmonic effect is much obvious in high-temperature combustion.
Finally, the rate constants of last two reactions (R7 and R8) have been calculated in both canonical and microcanonical cases. The two reactions followed by R6 are extremely meaningful because one of the final products is SO 2. 
Conclusions
In this study, the geometries of the reactants and the transition states in According to the result shown in Table 1 , their barrier heights are relatively low to 5.57, 9.73 and 11.50 kcal/mol, respectively. Therefore we can draw conclusion that the anharmonic effect is relatively obvious for those reactions whose barrier heights are relatively low. By comparing the data in Tables 10, 11 and 13 (T=2000 K) , there is 3, 3 and 1 order of magnitude difference between harmonic rate constant and anharmonic value for the reactions R5, R6 and R8, respectively. Thus we come up with a result that the anharmonic effect is quite obvious for D r a f t 16 those reactions whose barrier heights are relatively low in our research system, especially in high-temperature combustion environment,.
In this paper, the microcanonical and canonical results are generally similar, which indicates that RRKM theory is suitable for the calculation of the rate constant of these reactions. The anharmonic effect of the eight reactions for CH 3 SCH 2 OO system cannot be neglected. Tables and figures   Table 1 . Eight reactions and their barrier heights. Table 2 . The rate constants of R1 at different energies for the microcanonical system. The units of total energy, ρ(E) and rate constants are, respectively, kcal/mol, 1/cm -1 and s -1 . Table 3 . The rate constants of R2 at different energies for the microcanonical system. The units of total energy, ρ(E) and rate constants are, respectively, kcal/mol, 1/cm -1 and s -1 . Table 4 . The rate constants of R3 at different energies for the microcanonical system. The units of total energy, ρ(E) and rate constants are, respectively, kcal/mol, 1/cm -1 and s -1 . Table 5 . The rate constants of R4 at different energies for the microcanonical system. The units of total energy, ρ(E) and rate constants are, respectively, kcal/mol, 1/cm -1 and s -1 . Table 6 . The rate constants of R1 at different temperatures for the canonical system. The units of temperature, total energy and rate constants are K, kcal/mol and s -1 , respectively. Table 7 . The rate constants of R2 at different temperatures for the canonical system. The units of temperature, total energy and rate constants are K, kcal/mol and s -1 , respectively. Table 8 . The rate constants of R3 at different temperatures for the canonical system. The units of temperature, total energy and rate constants are K, kcal/mol and s -1 , respectively. Table 9 . The rate constants of R4 at different temperatures for the canonical system. The units of temperature, total energy and rate constants are K, kcal/mol and s -1 , respectively. Table 10 . The rate constants of R5 at different temperatures for the canonical system. The units of temperature and rate constants are K and cm 3 /mol/s, respectively. Table 11 . The rate constants of R6 at different temperatures for the canonical system. The units of temperature and rate constants are K and cm 3 /mol/s, respectively. Table 12 . The rate constants of R7 at different temperatures for the canonical system. The units of temperature, total energy and rate constants are K, kcal/mol and s -1 , respectively. Table 13 . The rate constants of R8 at different temperatures for the canonical system. The units of temperature, total energy and rate constants are K, kcal/mol and s -1 , respectively. Table 14 . The rate constants of R7 at different energies for the microcanonical system. The units of total energy, ρ(E) and rate constants are kcal/mol, 1/cm -1 and s -1 , respectively. Table 15 . The rate constants of R8 at different energies for the microcanonical system. The units of total energy, ρ(E) and rate constants are kcal/mol, 1/cm -1 and s -1 , respectively. D r a f t Figure 1 . The relative energy diagram of the reactions R1 to R4. The unit of energy E is kcal/mol. Figure 2 . The canonical rate constants of R1. The unit of rate constant k is s -1 . Figure 3 . The microcanonical rate constants of R1. The unit of rate constant k is s -1 . Figure 4 . The canonical rate constants of R2. The unit of rate constant k is s -1 . Figure 5 . The microcanonical rate constants of R2. The unit of rate constant k is s -1 . Figure 6 . The canonical rate constants of R3. The unit of rate constant k is s -1 . Figure 7 . The microcanonical rate constants of R3. The unit of rate constant k is s -1 . Figure 8 . The canonical rate constants of R4. The unit of rate constant k is s -1 . Figure 9 . The microcanonical rate constants of R4. The unit of rate constant k is s -1 . Figure 10 . The relative energy diagram of the reactions R5 to R8. The unit of energy E is kcal/mol. Figure 11 . The canonical rate constants of R5. The unit of rate constant k is cm 3 /mol/s. Figure 12 . The canonical rate constants of R6. The unit of rate constant k is cm 3 /mol/s. Figure 13 . The canonical rate constants of R7. The unit of rate constant k is s -1 . Figure 14 . The microcanonical rate constants of R7. The unit of rate constant k is s -1 . Figure 15 . The canonical rate constants of R8. The unit of rate constant k is s -1 . Figure 16 . The microcanonical rate constants of R8. 
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